This study aimed to compare the chemical composition of volatile extracts obtained by hydrodistillation of leaves, stems, bark and roots of Uvariodendron angustifolium (Engl. & Diels) R. E. Fries. The essential oils, obtained with yields between 0.12 and 0.66%, were analyzed by GC/FID and GC/MS. A great variability in the chemical composition was observed depending on the plant part treated. The essential oils obtained from leaves and stems contained mainly neral (29.7-30.5%) and geranial (42.9-47.3%), while methyl eugenol was the major component of the volatile extracts from bark (68.3%) and roots (85.3%). Interesting cytotoxic properties of these essential oils on human breast cancer cells MCF-7 were demonstrated.
Uvariodendron
angustifolium, syn. Uvaria angustifolia (Annonaceae), is a West African forest tree which can reach 15-40 ft high [1] . This species, which is found in the south of Benin, is used in traditional medicine to treat rheumatics, gastric ailments, and paludism, as well as for flavoring local dishes (leaves) [2] . The only chemical investigations of the Uvariodendron genus concern two species: U. connivens, which is characterized by phenylpropanoid compounds in its seeds (elemicin, cinnamaldehyde and 3,4,5-trimethoxy cinnamyl alcohol) [3] and U. calophyllum, which furnished, by hydrodistillation of its wood, stem bark and roots, essential oils rich in sesquiterpenes (mainly (E)-βcaryophyllene and α-santalene) [4] . To the best of our knowledge, no phytochemical studies have been undertaken on U. angustifolium; furthermore, no study has been reported on the cytotoxic character of U. angustifolium essential oil and its major compounds, in particular on MCF-7. However, in the literature, the antiproliferative properties of some essential oils have been described [5] [6] [7] [8] [9] . The present article reports the results of our chemical investigations on the oils obtained from different parts of U. angustifolium and their potential antiproliferative properties on human breast cancer cells MCF-7.
The oils were obtained with the following yields (w/w vs fresh material): 0.12% for the stems; 0.14% for the stem-barks; 0.54% for the roots and 0.66% for the leaves. The combination of capillary GC/FID and GC/MS analysis allowed the identification of 28 to 43 components in the U. angustifolium leaf, stem, stem-bark and root essential oils, which accounted respectively for 95.9%, 98.4%, 97.2% and 98.8% of the whole composition (Table I) . The essential oils obtained from leaves and stems were characterized by high proportions of oxygenated monoterpenes (81.4% and 87.0%), while the stem-bark and root essential oils contained high amounts of aromatic oxygenated compounds (75.4% to 89.3%). Indeed, the essential oils from leaves and stems were mostly dominated by citral (geranial: 42.9-47.3% and neral: 29.7-30.5%), whereas those from stem-bark and root were dominated by (E)-methyl eugenol (68.3% and 85.3% respectively). The accurate concentrations of these two major compounds were determined by a method based on the calculation of response factors [10] . The concentrations obtained were respectively 74.5% for citral (neral + geranial) in leaf essential oil and 88% for methyl eugenol in root oil, whereas these values were evaluated by the normalization method at respectively 73.4% and 85.3% (Table 1) . As reported in the literature, the oxygenated compounds tend to produce a high response factor [11] . These compounds were accompanied by less significant percentages of other constituents such as (E)-methyl isoeugenol (5.2%), selin-11-en-4-α-ol (3.5%) and caryophyllene oxide (2.7%) in the stem-barks, linalool (3.1%) in the stems, camphene (2.9%) in the roots, and geraniol (2.0-2.3%) in the leaves and stems. Finally, the predominant constituents of the essential oils extracted from U. angustifolium do not correspond with the aromatic compounds (elemicin; 3,4,5-trimethoxycinnamaldehyde; 3,4,5-trimethoxy cinnamyl alcohol) isolated from U. connivens seeds [3] . They also differ from the major components (α-santalene: 20.8-48.0%, β-caryophyllene: 8.5-32.5%, β-bisabolene: 4.0-8.9%, cis-αbergamotene: 4.8-7.4%, caryophyllene oxide: 6.7-6.8%, βbisabolol: 3.5-6.0%) identified in the volatile extracts of the wood, stem-barks and roots of U. calophyllum from Cameroon [4] .
The cytotoxicity of the essential oils obtained from different parts of U. angustifolium was estimated on human breast cancer cells MCF-7. The results revealed some difference in the MCF-7 cells behavior in the presence of various concentrations of U. angustifolium volatile extracts. The IC 50 values of the leaf, stem, stem-bark and root volatile extracts determined for that purpose were respectively 220; 270; 320 and 460 µg/mL ( Figure 1 ). According to these values, the four essential oils tested were active on MCF-7 cells. Indeed, NPC Natural Product Communications 2014 Vol. 9 No. 2 261 -264 column; Identification methods: GC, identification based on co-injection with authentic sample; MS: identification based on comparison of mass spectrum with literature data; LRI: identification based on comparison of retention index with those of published data; L = leaves; S = stems; SB = stem-bark; Ro = roots; percentages are given on apolar capillary column (HP-5); t: traces (less than 0.1%). * Correct isomer not identified the volatile extracts produced from the leaves and stems, rich in citral, were more active on MCF-7 cells than the essential oils extracted from the barks and roots of U. angustifolium, mainly dominated by methyl eugenol. This reactivity could be justified by the presence of different chemical constituents in the essential oils, among which major compounds would act either alone or in synergy with other minor compounds. Our results are in accordance with the works previously conducted by Setzer et al who reported a notable cytotoxic activity of citral against MDA-MB-231 (human breast adenocarcinomia) cell lines (IC 50 =33.4 g/mL) [12] . The efficiency of citral on MCF-7 cells was also demonstrated by Wright et al. with a synergistic cytotoxic enhancement by combination with various compounds [13] . Furthermore, Yousefzadi et al. showed that the essential oil of Dorena ammoniacum containing cyclocitral (9.9%) and the acyclic monoterpenes ocimenones (40.4%) was more active on MCF-7 (312.0 µg/mL) than on the cancer cell lines HFSF (1250.0 µg/mL), HFLP (1250.0 µg/mL) and SW480 (625.0 µg/mL) [14] . In contrast, a moderate cytotoxicity of the essential oil of Croton matourensis characterized by high amount of methyl eugenol (14.2%) was reported on LoVo (colon carcinoma), X-17 (colon carcinoma), and HeLa (cervical cancer) by Compagnone et al. [15] . Furthermore, the literature has mostly reported the anticancer properties on MCF-7 of essential oils rich in terpene hydrocarbons (α and β-pinenes, limonene) [5, 16] and, with less efficiency, those of volatile extracts containing either 1,8-cineole or carvacrol [17] .
In conclusion, this work reports the chemical composition, determined by GC/FID and GC/MS, of the volatile extracts from leaves, stems, stem-bark and roots of U. angustifolium harvested in Benin, and an evaluation of their antiproliferative activity. An important chemical variability could be observed according to the plant part: the essential oils of the leaves and stems were dominated by citral (73.4%; 77.0%), whereas methyl eugenol was the major compound of the volatile extracts of bark (68.3%) and roots (85.3%). An inhibition of MCF-7 cells proliferation generated by inhibitory concentrations between 220 and 460 µg/mL was observed with the essential oils obtained from different parts of U. angustifolium. This activity seems to be bound to the chemical profile of each of the essential oils whose active compounds are of diverse natures. CH 2 Cl 2 solution, split ratio 1:100; injector temperature 220°C, detector temperature 250°C; temperature program 60-220°C at 3°C/min, then kept at 220°C during 20 min. The linear retention indices of the components were determined relative to the retention times of a series of n-alkanes with linear interpolation. The percentage composition of the essential oils was computed by the normalization method from the GC/FID peak areas on the HP5 capillary column, response factors being taken as one for all compounds.
Experimental

Plant material and oil isolation: Leaves, stems, bark and roots of
Gas chromatography-mass spectrometry: GC/MS analyses were performed using a Hewlett-Packard GC 5890 series II equipped with a HP5 (5%-phenyl-methylpolysiloxane) fused silica column (30 m x 0.25 mm; film thickness 0.25 μm) and a DB-Wax fused silica column (30 m x 0.25 mm; film thickness 0.25 μm) interfaced with a quadrupole detector (Model 5972) applying the same temperature program as for the GC/FID analyses with the apolar column; the temperature program was 70°C for 2 min, 70-220°C at 5°C/min, then kept at 220°C during 38 min using the polar column (calculation of the linear retention indices on this column by coinjection with a series of n-alkanes); injector temperature, 220°C; MS transfer line temperature, 250°C; carrier gas, helium at a flow rate of 0.6 mL/min; injection type, split, 1:10 (1 μL 10:100 CH 2 Cl 2 solution); ionization voltage, 70 eV; electronmultiplier 1460 eV; scan range 35-300 amu; scan rate, 2.96 scan/s. The identification of the constituents was based on comparison of their relative retention indices with either those of authentic samples or with published data in the literature [18] and by matching their mass spectra with those obtained with authentic samples and/or the NBS75K, Wiley 7th NIST 98 EPA/NIH, and FFNSC 2 libraries spectra.
Quantification: Accurate quantification of the two main components (methyl eugenol and citral) was carried out by the internal standard method using their response factors (RFs) by GC/FID analysis. Methyl eugenol was quantified in the root essential oils while citral was quantified in the leaf oil. The calibration curves and RFs were determined with solutions of references in cyclohexane. The analyses were performed in triplicate and the response factors were calculated by using the following equation and adopting tridecane as the internal standard:
where C ref is the concentration of the reference, A ref its absolute peak area, A is is the internal standard (tridecane) absolute peak area and C is its concentration.
A graphical representation expressing the area ratios A is /A ref depending on the concentration ratio C is /C ref , (with C is = 2.5 g/l, C ref ranging from 2 to 20 g/L in cyclohexane) could be achieved; the five-point calibration curves were linear over the concentrations tested (correlation coefficients R²= 0.9993-0.9998).
The average RFs, relative to tridecane, calculated under our experimental conditions were: RF methyl eugenol = 1.50 ± 0.06; RF citral = 1.41 ± 0.03. With these RFs values, the components of the essential oils could be quantified through the following equation: C ref in oil. = C is x RF x A ref x 100/C oil x A is . A ref represents the methyl eugenol or citral peak areas, A is represents the internal standard (tridecane) peak area, and C is and C oil are expressed as g/L.
Cytotoxicity assay: Human breast cancer cells (MCF-7) were maintained in Dulbecco's Modified Eagle Medium (DMEM) F12 supplemented with 10% fetal bovine serum (FBS), glutamine, phenol red and 50 µg/mL gentamycin, in a humidified atmosphere at 37°C and 5% CO 2 . Cancer cells were seeded into a 96-well plate at 2,000 cells/well in 200 µL of culture medium and allowed to grow for 24 h. Then, cells were exposed to absolute ethanol solution of the essential oils for 72 h at concentrations ranging from 0 to 264 Natural Product Communications Vol. 9 (2) 2014
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500 μg/mL, and then evaluated for cytotoxicity. In all cases, the oil was dissolved in absolute ethanol, for which the final concentration in the culture medium was lower than 1%, a concentration, which had no cytotoxic effect (data not shown). Cytotoxicity was determined following the reduction of tetrazolium salt MTT (3-(4,5dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide). Briefly, cells were incubated in the presence of 0.5 mg/mL MTT for 4 h. Then MTT precipitates were dissolved in EtOH/DMSO (1:1) solution and absorbance was measured by a microplate reader (Multiskan) set at a wavelength of 540 nm. The IC 50 value in the MTT assay was defined as the concentration of test oil resulting in a 50% reduction of absorbance compared with untreated cells.
